People's republic of china *These authors contributed equally to this work Background: Long noncoding RNAs (lncRNAs) with dysregulated expression levels have been investigated in numerous types of different cancer. Whether lncRNAs can predict the progression of gastric cancer (GC) still remains largely unclear. The aim of our study was to investigate whether KRT18P55, a novel intergenic lncRNA, can be a predictive biomarker for GC. Methods: To determine the expression levels of KRT18P55 in GC, we evaluated it in five GC cell lines (SGC-7901, MGC-803, BGC-823, AGS, and HG27) and 97 GC tissue samples in comparison with a normal control by quantitative polymerase chain reaction. In addition, the association with patient clinicopathological characteristics was analyzed to identify the clinical significance of KRT18P55. We also used publicly accessible data from The Cancer Genome Atlas (TCGA) to further verify the expression levels and clinical significance of KRT18P55. Furthermore, a receiver operating characteristic curve was also conducted to evaluate the diagnostic value of KRT18P55 for GC. Results: A significant upregulation was observed in GC cell lines (P,0.01) and tissue samples (P,0.01). This finding was consistent with the results of 29 pairs of GC tissue samples from TCGA (P,0.01). Additionally, we indicated that the increased expression of KRT18P55 was related to the progression of intestinal type (P=0.032), which was also supported by results of independent GC cohorts from TCGA (P,0.01). However, we did not find significant difference in prognosis between patients with high and low expression of KRT18P55 (P.0.05). Finally, KRT18P55 showed potential diagnostic value for GC with an area under the receiver operating characteristic curve of 0.733 (P,0.01). Conclusion: Upregulated KRT18P55 was a novel biomarker for the progression of GC, especially for the intestinal type.
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Long noncoding RNAs (lncRNAs) are a significant new class of transcripts longer than 200 nucleotides, which can be classified into five types (sense, antisense, bidirectional, intronic, and intergenic) according to genomic location. 7, 8 To date, growing evidence has indicated that lncRNAs acting as potential biomarkers are associated with the development of numerous cancer types. 9, 10 Of note, the dysregulation of lncRNAs has shown clinical significance in patients with GC and also could be emerging biomarkers for the disease. 11, 12 For example, lncRNA-UCA1 expression was remarkably increased in GC cell lines and tissues, correlating with worse differentiation, tumor size, invasion depth, and TNM stage. 13 The expression of lncRNA-BANCR was also upregulated in GC tissues with high expression positively associated with clinical stage, tumor depth, lymph node metastasis, and distant metastasis in GC patients. 14 In addition, lncRNA-ABHD11-AS1, RP11-119F7. 4 , and MALAT2 are potential biomarkers for screening, development, progression, and prognosis of GC. [15] [16] [17] However, there is still a pressing need to find sensitive and specific dysregulated lncRNAs for further deciphering the mechanisms of GC and to be good biomarkers associated with its progression.
Here, we investigated differentially expressed lncRNAs by the human lncRNA array of six GC tissue samples and their matched normal adjacent tissues (NATs). From the results of the array analysis, we focused on a novel intergenic lncRNA KRT18P55 (NR_028334, 1,950 nucleotides; chromosome 17 (-): 26603012-26634408), which was highly expressed in GC tissue samples when compared with NATs. To determine whether this novel lncRNA can be a potential biomarker for the progression of GC, we first investigated the expression of KRT18P55 in GC cell lines and tissue samples. Then, combined with clinicopathological factors, the potential correlations between KRT18P55 expression levels and patient clinicopathological factors were evaluated. We also reviewed a cohort from The Cancer Genome Atlas (TCGA) to verify the upregulation and clinical utility of KRT18P55. Furthermore, a receiver operating characteristic (ROC) curve was also conducted to explore whether KRT18P55 could be a good candidate to discriminate tumor tissues from nontumorous tissues.
Materials and methods cell lines and culture conditions
Approval for the use of human cell lines was obtained from the ATCC Institutional Review Board for Human Subjects Research. A normal gastric epithelium cell line (GES-1, control) and five human GC cell lines (SGC-7901, MGC-803, BGC-823, AGS, and HG27) were obtained from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, People's Republic of China). AGS and GES-1 were cultured in F-12K Medium (Invitrogen, Carlsbad, CA, USA) and Dulbecco's Modified Eagle's Medium (Invitrogen), respectively, other cell lines were cultured in Roswell Park Memorial Institute 1640 medium (Invitrogen). Medium was supplemented with 10% fetal bovine serum (Clark Bioscience, Houston, TX, USA). Cells were maintained in a humidified incubator at 37°C in the presence of 5% CO 2 .
Tissue samples and clinical data collection
A total of 97 GC patients who underwent D2 radical gastrectomy after a definite histopathological diagnosis of GC between May 2009 and July 2010 in our hospital (the First Hospital of China Medical University, Shenyang, Liaoning, People's Republic of China) were enrolled in our study. In addition, there was no radiotherapy or chemotherapy prior to the operations. All the tissue samples were snap-frozen in liquid nitrogen immediately after resection and stored at -80°C until used. Matched NATs were obtained from tissues to the edge of the GC ($5 cm).
The clinicopathological data were mainly collected from medical records, pathology reports, and personal interviews including baseline of patients, information of surgery, follow-up, and pathological features of the tumor. The histologic grade assessment was based on the World Health Organization histological classification of gastric carcinoma. The clinical staging criteria (pT, pN, pM, and pTNM classification) were assessed according to the seventh edition of the American Joint Committee on Cancer TNM classification. Based on the Lauren criteria, two pathologists reviewed original diagnostic slides and assigned the histological type into intestinal type (tumor with glandula architecture), diffuse type (tumor composed of solitary small clusters of cells, lacking glandular structures), and mixed type (combination of these two features). The designation of tumor growth pattern was in accordance with the third English edition of the Japanese classification of gastric carcinomas.
Follow-up was performed until February 2014 using telephone inquiries or questionnaires. The follow-up time ranged from 1 to 54 months (median 42 months). Except for one patient lost during follow-up, 96 patients were included in the final analysis of the Kaplan-Meier curve (OS: the length of time between surgery and the last follow-up examination or death; cancerspecific survival (CSS): the length of time between surgery and the last follow-up examination or death due to cancer). 
Tcga datasets
Gene expression data from TCGA stomach adenocarcinoma were downloaded from https://tcga-data.nci.nih.gov/ tcga/dataAccessMatrix.htm. RNA sequencing (RNA-Seq) experiments of TCGA stomach adenocarcinoma had been performed in a combination of two different Illumina platforms (IlluminaGA RNA-Seq and IlluminaHiSeq RNA-Seq datasets) for a total of 307 patients with GC after removing the duplicates. We used the reads per kilobase of exon per million reads mapped (RPKM) value to represent the expression levels of KRT18P55 for each patient from TCGA datasets. 18 In addition, the clinicopathologic and prognostic information of these patients were downloaded from https:// tcga-data.nci.nih.gov/tcga/findArchives.htm. We combined the clinicopathologic and prognostic information with these 307 GC patients using structured query language. Finally, based on patient ID, 274 GC patients linked with their clinicopathologic and follow-up data information were available for final analysis. For OS analysis, patients were divided into two groups according to KRT18P55 median expression. Among these 274 GC patients, GC tissue samples and matched NATs were available for 29 GC patients who were used to further verify the differential expression of KRT18P55. rna isolation, reverse transcription, and quantitative polymerase chain reaction Total RNAs were extracted from cultured cells and tissue samples using TRIzol (Invitrogen) following the manufacturer's protocol. The A 260 /A 280 (1.80-2.00) was evaluated to examine total RNA purity by using a Nanophotometer P-Class (Implen, GmbH, Münich, Germany). RNA was reversely transcribed into 20 μL complementary DNA using the PrimeScript™ RT reagent Kit with gDNA Eraser (TaKaRa, Dalian, Liaoning, People's Republic of China) by GeneAmp ® PCR System 9700 Thermocycler (Applied Biosystems Life Technologies, Foster City, CA, USA).
Quantitative polymerase chain reaction (qPCR) was performed using SYBR ® Premix Ex Taq™ II (TaKaRa) in a Light Cycler ® 480 II real-time PCR system (Roche Diagnostics, Basel, Switzerland). Each 25 μL qPCR reaction mixture contained 2 μL complementary DNA, 12.5 μL SYBR, 0.3 μL forward and reverse primers, and 9.9 μL RNase-free water. qPCR was performed using 1 cycle of 95°C for 30 seconds, 45 cycles of 95°C for 5 seconds, and 60°C for 30 seconds. The primers used in qPCR for KRT18P55 and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were as follows: KRT18P55 forward primer: 5′-CAGGAATGGGAGTCATCCAG-3′ and reverse primer: 5′-CCAGGCTCCTAACTCTGTCC-3′; GAPDH forward primer: 5′-CGGATTTGGTCGTATTGGG-3′, and reverse primer: 5′-CTGGAAGATGGTGATGGGATT-3′ (Sangon Biotech, Shanghai, People's Republic of China). The relative expression of KRT18P55 was calculated and normalized by using the comparative cycle threshold (Ct) method relative to an endogenous control GAPDH. qPCR experiments were repeated three times in triplicate.
statistical analysis
All statistical analyses were performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.0 software (GraphPad Software, La Jolla, CA, USA). We calculated RNA expression levels between groups (GC cell lines relative to GES-1; cancer tissue relative to NATs) using the 2 -ΔΔCt method (ΔCt = Ct lncRNA -Ct GAPDH ; ΔΔCt = ΔCt GC cell lines/cancer tissue -ΔCt GES-1/NATs ). All data were expressed as mean ± standard deviation from at least three separate experiments. The qPCR expression levels of lncRNA between groups were estimated by Student's t-test, and the expression levels from TCGA datasets between groups were calculated by a nonparametric test (Wilcoxon test). In addition, the correlations between lncRNA expression levels and clinicopathological parameters were analyzed by a nonparametric test (Mann-Whitney U-test for two groups and Kruskal-Wallis test for three or more groups). Furthermore, OS and CSS rates were calculated by the Kaplan-Meier method using the log-rank test applied for comparison. Univariate and multivariate analyses were used to further verify whether the expression of lncRNA was related to OS and CSS. A ROC curve was constructed to evaluate the diagnostic value of lncRNA levels. Differences were considered statistically significant with a two-tailed P,0.05.
Results
KrT18P55 upregulated in human gc
As presented in Figure 1A , we found that four cell lines (SGC-7901, MGC-803, BGC-823, and AGS) expressed significantly higher levels of KRT18P55 when normalized to GES-1. In addition, we further explored the relative submit your manuscript | www.dovepress.com
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Ma et al expression of KRT18P55 in 97 pairs of GC tissues and matched NATs by qPCR analysis normalized to GAPDH. Figure 1B shows that in 80 of 97 (82.5%) pairs, KRT18P55 was upregulated (2 -ΔΔCt fold change .1.0) and the average expression of KRT18P55 was 2.56-fold in 97 pairs of GC. Furthermore, Figure 1C demonstrates Figure 1D ).
expression levels of KrT18P55 and clinicopathologic characteristics of gc patients
To further explore the significance of KRT18P55 overexpression in GC, analyses were carried out to assess the correlation between KRT18P55 expression levels and the clinicopathological features of 97 patients ( 
association of KrT18P55 expression with patients' survival time
To investigate the correlation of KRT18P55 expression with survival of GC patients, Kaplan-Meier analysis and log-rank test were performed with the cohort of 96 patients (one patient lost in follow-up) on OS and CSS. According to the median expression of KRT18P55 in 96 pairs of tissues, high (n=48) and low (n=48) expression groups were divided (Figure 2A) . We did not find significant difference Figure 2B and C). In addition, neither univariate nor multivariate analyses of Cox proportional hazards model demonstrated that KRT18P55 expression was not a significant prognostic factor on OS (univariate, P=0.557; multivariate, P=0.678) and CSS (univariate, P=0.448; multivariate, P=0.570). Furthermore, the results were also verified with TCGA datasets (P=0.148; Figure 3A ).
KrT18P55 is a potential diagnosis biomarker for gc
We carried out ROC curve analysis to explore whether KRT18P55 could be a good candidate to discriminate tumor tissues from nontumorous tissues. The area under the ROC curve (AUC) was 0.733 (95% confidence interval 0.664-0.802; P,0.01; sensitivity, 0.691; specificity, 0.660; the Youden index, 0.351; Figure 3B ).
Discussion
The progression of GC is complex, heterogeneous, and includes multiple processing steps, involving numerous genetic and epigenetic alterations. 19 Although cellular Based on Tcga datasets, histologic type were originally divided into seven types: 1) stomach intestinal adenocarcinoma papillary type; 2) stomach intestinal adenocarcinoma mucinous type; 3) stomach adenocarcinoma signet ring; 4) stomach intestinal adenocarcinoma tubular type; 5) stomach intestinal adenocarcinoma not otherwise specified; 6) stomach adenocarcinoma not otherwise specified; 7) stomach adenocarcinoma diffuse type. Intestinal: 1, 2, 4, 5; diffuse: 7. Statistical significance are marked by bold type (P,0.05). Abbreviations: rPKM, the reads per kilobase of exon per million mapped sequence reads; Tcga, The cancer genome atlas; pT, pathological Tumor; pn, pathological node; pM, pathological Metastasis; pTnM, pathological Tumor node Metastasis.
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lncrna KrT18P55 in gc phenomena in parallel with various molecular events promoting GC initiation, progression, and metastasis have been verified, 20 it is still necessary to identify diagnosis and progression-specific biomarkers, especially novel biomarkers with significant clinical diagnosis value, for exploring gastric carcinogenesis.
To date, the tissue-specific expression patterns of lncRNAs in various diseases are causing a paradigmatic change in our understanding of lncRNAs in cancer development. 7 In addition, accumulating numbers of investigations have focused on dysregulated lncRNAs in GC. 21 Among these investigations, Yang et al 22 elucidated the contributions of H19 to human GC, which highlighted the connection between lncRNAs and GC. After this research, the dysregulation of many specific lncRNAs showed biological and clinical relevance in GC, including HOTAIR, GAS5, ANRIL, CCAT1, LINC00152. [23] [24] [25] [26] [27] It is worth mentioning that the dysregulated HOTAIR and its genetic variations have been recognized as a potential biomarker for risk assessment, early detection, and the therapeutic target of GC in Chinese populations. 28 In fact, to the best of our knowledge, our research is first to investigate a novel lncRNA KRT18P55 in GC, which is significantly upregulated in GC cell lines and tissues samples. Results from TCGA datasets consistently verified our findings. With all of the above taken into consideration, we believed that dysregulated KRT18P55 was a biomarker associated with the progression of GC.
Based on combination of the expression levels of KRT18P55 with clinicopathological characteristics from the cohorts of our hospital and TCGA datasets, we found that increases in KRT18P55 expression showed significant relevance with the occurrence of intestinal type. The conception of classification was first proposed by Lauren in 1965, GC could be divided into intestinal, diffuse, and mixed types. 29 Recently, several studies have also demonstrated the relationship between molecular biomarkers and the Lauren classification of GC. [30] [31] [32] Interestingly, although diffuse types of GC carried a worse prognosis comparing with intestinal types in Chinese populations, 33 we found patients with the intestinal type expressed relatively higher levels of KRT18P55 in comparison with the diffuse type. This phenomenon showed a similar tendency with claudin 1, which is verified to be overexpressed in GC in Chinese populations 34 and at a higher level in intestinal than in diffuse types from studies in the People's Republic of China, Finland, and the USA. [34] [35] [36] Hence, KRT18P55 shows a clinical significance in acting as a biomarker, especially in intestinal types of GC, in a similar role to claudin 1.
GC is frequently not diagnosed until a relatively advanced stage, 3 so it is urgently necessary to find plasma or tissue biomarkers with high sensitivity and specificity. CEA, CA19-9, and CA72-4 are the most frequently used serological biomarkers with respective advantages in the diagnosis of GC. 37 However, there is currently still no excellent tumor marker for GC. 37 Recently, lncRNAs acting as biomarkers for GC has attracted the attention of researchers. Zhou et al 38 identified that H19 in plasma can be a novel biomarker for the diagnosis of GC (AUC =0.877). 38 Shao et al 39 found lncRNA-AA174084 in gastric juice can be used as a tumor marker for screening GC (AUC =0.848). Chen et al 40 demonstrated lncRNA HIF1A-AS2 in tissues was a diagnosis biomarker for GC (AUC =0.673). Based on the aforementioned studies, lncRNAs can act as emerging biomarkers in plasma, gastric juice, and tissue for the diagnosis of GC. Notably, the dysregulated lncRNAs in plasma and gastric juice exhibit potential ability in the early diagnosis of GC. A recent study indicated that a combination of three circulating lncRNAs (CUDR, LSINCT-5, and PTENP1) showed a significant higher diagnostic value than CEA and CA19-9 for GC detection. 41 However, because of the limitation of our samples, we could not provide a direct conclusion whether KRT18P55 in plasma or gastric juice can be a better biomarker than CEA, CA19-9, and CA72-4. In the future, we will focus on the expression level of KRT18P55 in plasma or gastric juice to explore its value in early diagnosis.
Long intergenic noncoding RNAs (lincRNAs) are derived from the regions between two genes. 10 Through the University of California Santa Cruz (UCSC) genome browser (http://genome.ucsc.edu/), we identified the location of KRT18P55 to be between the LGALS9 and RAB34 genes. Of note, a recent study confirmed that RAB34 expression was correlated with glioma patient survival and glioma grade, and RAB34 could be used as a progression and prognostic biomarker for poor outcome. 42 In addition, increasing evidence also suggests that many lincRNAs function through specific interactions (scaffolds, chromatin-modification, directly DNA interaction, RNA base pairing) with other cellular factors, namely proteins, DNA, and other RNA molecules. 43 Unfortunately, the association and effecting patterns between KRT18P55 and its downstream gene still remain largely unknown and need further exploration. At the same time, the roles of lincRNAs have surely laid a good foundation and have provided promising directions for our further research of KRT18P55.
On the whole, our study showed the advantage of enrolling a large number of GC patients, which promoted our submit your manuscript | www.dovepress.com
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Ma et al strongly reliable results. In addition, thorough pathological examination, long-term follow-up assessment, and scientific statistical methods were also performed to ensure the clinical significance of KRT18P55 with the lowest bias. Most importantly, TCGA datasets further highlighted the ability of KRT18P55 to be a predictive progression biomarker for GC.
Conclusion
To the best of our knowledge, we are the first to present a novel intergenic lncRNA KRT18P55, which increased expression in GC cell lines and tissue samples. In addition, KRT18P55 could be a novel biomarker for the progression of GC, especially the intestinal type.
